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W use the heavy quark effective theary to lnvestigate the form factors that describe
the semibepionbc decays of a B mesom into exciled daughter mesoss. For an excited
danghier mesoa with charm, & single form Tactor i peeded at leading order, while five
form faciors and iwo dimesslonflal conslanis are needed to order 1fm. im the heavy
quatk expansson. For nos-charmed final states, & total of foar form factors are needed
ut leading order. For the process B — [F*1 X8, four form fsctors are also meeded at
lesding crder,
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I M TRODUCTIRN

The heavy quark effective theory (HQET) [1] has been a very useful tood
in the study of dectroweak decays of heavy hadrons. It has been used o fimd
relationships among the form Factors describing the weak decays of heavy mesons,
namely @ — [ and B — 0", It has also been applied Lo decays of heavy baryons
[2] to leading order in the heavy quark Lagrangian, as well as to 1/mg correction
terms in the decays of both besvy mesons and baryons |3

In addition Lo Lhese cxclusive processes into Lhe so-called elastic channels, =
gur and Wise [4] have studied decays into ‘inelastic” channels, and have discussed
their resulis in berma af & Bjorken sum rule [5], which has also been developad
issing the techniques of HQET. More recently, Falk [6] kas developed representa-
tions of elate of sthiteaey spin,

In this paper, we consider another seb of electromeak processes, namely the
decay of the B meson into any of the allowed excited charm dasghier imesons,
The maotivation here is that the B can decay weakly, but beeause the phnse space
available is sizeable, decays Lo excited daughter mesons (with the subsequent
decays inte multibndron final states) may provide & large eontribulion to the
todal decay rate of the B

In faet, sbout twenty-three percent of charged B meson decays are to the
inclusive channel § — fir + hadrons [7]. In addition, recent experiments indi-
cate that the [ and [ channels, the so-called clastic channels, saturaie the 1
semibeplonic decays (Lo charm) Lo oaly shout seventy percent [B]. This is evi-
denee that semileptonic decays to excibed mesons form b siguificant fraction of
the total semileptonic decay rate of the B meson. Undoubtedly, decays to Lhe
lower lying excited mesons, sach s those already treated by Tagar and Wise [4],
will provide the major conbribution bo the inelsstic chanpels. Nevertheless, in the
evenl that semibeplonic decays to even more highly excited stales are chserved,
we enumerate the form factors necesanary Lo describe such decays.

In addition ko these decays, there is some interest in decays of the type B —
A1 Fe, In particular, if X is one or bwo phons, this costa relatively little in
phase space, and may receive hoth resonant and pon-resonnnt contribiations, (6
may therefore be preferrable Lo Lread Lhese decays on & separate footing from the
decays to chamm resonances,

The carreaponding decays of the D meson are, of course, more difficult to
ireal.  Experimentally, the situation is probably more promising than in the
decays of the [ meson, since there is no expectation that the & and K™ channels
ghould saturate the semileptonic decays of this meson. For this reason it may
be £ven more interesting to examine semileptonic decays of [ mesons ko excibed
finnl states, despite the apparent theoretical difficuliy.

In the next seclion of this note, we briclly distuss Use representations of the
plabed b which we ae interested.  We ireal the HIFI-IIEI:Il-ﬂl'Ii: 'dll‘ﬂ!-ﬂ of the
mieson e excited charm mesons o leading order, as well as the semileplonie
decaye af the [ meson o oxcited mesons, and B — DV X e, i section 111 In
sechion IV, we include | /m, terms in the semileptonic decays of the B meson to
excited charm mesons, and in section ¥ we present our conclusions.

1. REPRESENTATION OF [ STATES

An exeited [ meson with total angular momentum J will, in general, be
representesd by an object linear in a polsrisstion tensor, *-#f{v}. This polas-
ieation lensor ks symmetric, transverse and traceless. The latier twe properties
wee puprezed by

LITH 'Fpl du{l"] e [l: j‘p”l;q". -"J[u] =0 {l"

For a stale consisting of & benvy quark  and & hight component with the guantum
numbers of an antiquark, the specific representation of any particular state will
depend oo the angular momestum j of the light component {antiquark] of the
state, It is thus more convenbent to pefer to § than ko J, since there will he
degenerate doublet of states with J = j £ 1/2.

The parity of such & stale is determined by the orbital angulsr momentum
f=j+1/2 between the light component and the heavy quark. For stales wilh
f= j=1/2 Falk 6] writes the representations as

L ?L,Eir"il" B T

Ei + 1 M. 1 B i Fj..#
Pt mafeeg byt [5:. SRl yorw Wt .-.] 5
"":I|'I.In- ot l.nl [T-I + upl }'5:: e &:; L T’lﬁ:r N 'ﬁ:::|| ':T# + D“-:I i
1+9¢
Apm =gt {2}

In the above, k= j — 172, and the aiate V has J = j= 1/2= £+ 1, while F has
J = §—1/2 = . These two siates are degenerate sl leading order in HQET.

For light component with § = § + 12, the iwe posible states have the same
values of J {J = j£1/2) aa the states described above, They are the countecparts
of the ¥ and P stotes, but with an extea factor of 75 bo account for the different
parity, This arises because £ for the (P, V) doublet of states differs by unidy from
¢ for the ( #, 5) doublet of states with the same j. Thus, one may =rite
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with A% % as defined above. We emphasize that, to beading order in HQET,
ihe | P, ijhnldemmdmﬁﬂ as do the (B, 5) ststes, but the two
doublets will, in gemeral, bave different masses. Nole that for all four of thess
alates, denoted XHiofe
e, x!l---Fl =“|
Tj. Ill---n _ xh---ﬂ 1,'. = “J
LTS L
X --ni .ixﬂl i tq.]
In the last of these squations, the negative sign oocurs for the (P, V) doablets of
stales, while the positive sign occurs for the (B, 5) doublets of states. Further
details of the structure and properties of these states are given in Falk's article
[B]-

IIL B = A LEADING ORDER FORM FACTORS
To beading order in HQET, we are interested in ibe matrix element

A =< DU YREITA Blo) > . ()
Represesting the B meson by
Bis) = ZzAem = Mals) ()

representing amy of the states discussed in the previous section by M1 4" (),
and using HOET, we may wrile this matrix element &

< DOV REITAM B} 3= Tr [Ra, o MELE (W ITMa(v)] . (T)
Ry, p i85 the most geperal tensor that we can build. Cleasrly, My, . may
contain no factors of ¥ , nor gg, ., nor 7, . Ome ia left with

Ryion =Voiy e ¥y [fu'ﬂ[" )+ Yy
+EUA (. " o+ APy u‘m']. (8)
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Inspection shows that the f, §° and f§" terma sie redundant, so that we may
wrike, Lo Lhis order,

< DU YRLITAL|Be) > = vy, .. 0 b Yo )
2 Tr [ M54 (v )T Ma(s)] . (9

Thus, & single form factor s needed to this order, regardless of ihe spin of the
final mescn.

States with JP = 0=, 17, j = IJZ, £ = 0 may be thought of as radial
excilations of the groand states [4*). Because of the heavy quark symmetry, and
the orthogonality of these states with respect to the ground siabes which have
the same quantum nambers, we muast have

‘ D:n.e.n:tl,-.ﬁgr”y}lﬂm »=(n-o = 1Ny )
T | Mg (v )T Mp(s)] . (10)

where the superscripts (n) denote the nth radial excitation. That is, these ampli-
tudes must vanish as o' — v. Note, Lo, that all of the other amplitudes {§ # 1/1)
winssh I.ri'rin.ll.ll_r sl the non-recod] point.

We end this section by noting thal we can ass similar methods to enomerate
thi form factors that occur in the corresponding heavy to light transitions. For
such & Leansition, say [ — K1), where K1*) is some excited light meson, we
writs

< K"Np)larhl|D{v) >= Tr[R(n, v, p)T Mo(v)], (1)

where [t is a Dirac matrix that must be linear in the symmetric, traceless, trans
verse, n-index, pedarization tensor y that describes the daughter meson of spin
1. On inspection, we ablain

Rin, v, p) = vy, - v, g
[p_. {d-: "".ﬁ; } + Tuw [ A ﬁ:'n (12)

Thus, four form factors are meeded, in general, for each of lbese Lransitions.
Far the left handed current, T = 3, (1 = ), HQET has not simplified things
misch. For & sealar or pseudoscalar daughter mesan, the (a and (g terma do not
condribute, and two form factom are peeded, s would be the case in ihe general
treatment of such decays. For daughier hadrons of highet apin, four form factors
are needed, but thia is alss the case in the general treatment of such decaye,
HQET only siarta being advantagecus, as far as the number of form factom go,
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when the matnx elements of currents other than the left handed current, such as
I = &y, for daughter mesons with spin greater than one, are consilered, sinoe
for such combinations of currents and mesome, more than foar form factors wauld
be neddid i the general Lreniment.

In the same manmer, we may also weite down the form of the matrix element
needed for describing decays of Lhe type B — D)X 15,, where X may be any
hadronic slate. We anly require that the total spin n of the state X be known
This is akin to & partial wave analysis. Such & matrix clement may he writlen as

< ﬂl'h[u'}xhn}mﬁ‘.lrhylm{p} »=Tr [Bx(n,p.v, )M i [0 )T Mg(v)] |
(13

where, again, B is a Dirac malrix that musl also be linsar in the symimeLiic,
iraceless, Lransverse, n-index, polarization tensar %), that describes the system X
of spin n. Inspection yields

Oxl(o.p v v)=mm,, ..oy, gt

* Juy (4 + 95 ) 4 90, (BT + pud)] (14)

where in = v — ',

V. B — DA% b TERMS
We write the 1/m, part of the HQET Lagrangian as
1 ¥

£ = mﬁﬂﬁ' [u-{;,.. - vl JD" + %#’"’F,.]ﬁi,}, {15)
where the coofficients of the varbous terma are obtained from Lree-level malching

bo the full QUD Lagramgian. In sddition, tree-level matching of the local operator
ﬁE‘.]I'hi” Lo arder | fm, leads io

Redpnin o jle [ =] o 1
REITA — s Il . pr] ) (18}
We begin with the local term by examining the matrix element
< DANNRTDAtNB(e) >= T[Sy por MG (0N M ()]
(17}

The most general form for 8, .0 b

Sy gk = Wy - By, [.EE'“['I.I + ')+ EE'”“‘— v+ -EE"”‘_I’.!.]
0y Y B (1%)

IT we multiply eqa. (17) by v, and use the equation of motion of B we
oliain

R P e (R VY- L) (19)

Here, the positive sign on Lhe -EE"] tafin occurs For the (B, 5) doublets of states,
while the negative sign occurs for the (P, ¥ doublets. In addition, we can wse
conservation of momentum to write [3
< DU i (AL T Biv) >
= [{ma = my) o — (mgun = m) o] < BU IR ThiP|Bis) > . (20)
The matrix element on the right hand side is the leading arder matrix element,
deseribed in terms of the single form faclor {E‘rﬂ. Let us define Ay = mg—my,
and Am, = mpiin — m,. Mulliplying eqgns. (17} and (20} by ", and using the
equation of motion of ALY leads to
(Amy — Amw - o) P = €01 4w ) 4 891 - 0y
0 + 84 (21)
which, when combined with eqn. (19), gives
261 — v ')+ 5 = Ay - Ay - T (22)
for the (P, V) dowblets of sistes, and
2N+ o0 4 €8 = (Amy = Amge - o) 200, (23]
for the (B, 5) doublets. When we consider ' = 2T, the £ term of eqn, (18)
wanizhes,
From the 1/m, part of the Lagrangian, we may ignore the (v )® term, smoe
this vanishes because of the equation of motion of ', The D term Eiven




< puyr [ ate (KDD%E) (=) (HPTHY) N B) >
=1 s,z (S5 ) Ptato
=ty - XN )T (B30 (W) T Mm(v)] {24)

This rencemalizes the ||:a.-|:|.|I,;.1:|rd-=r form lsclor.
Finally, we sre left with the o™ term, which is

ﬁ < DUAY|T J|r d's (Ko Foahs) (=) (KETRE) (0| Biw) >

= [T etz 1en? (L5E) tMa]. (25)
The moat general form for T, apon B
Tp...."-ﬂ' S TRERL 1] l.'l:?'ﬂﬂ'ﬂ + IE'“ [T‘H"ﬂ =1 'ﬂ']} £ ‘EB}

To thia crder, then, we find that four new form faclom are needed Lo de-
scribe the decay of the B into any DU resonance, together with two unknawn
dimensionful constanis. However, one of these new form [aclors, ¥, may be ab-
sarbed e the leading arder form factor, We have expressed it & an independent
form Tackor, sapce it is & term Lhak El.']li.ll:illf breaks Lhe h-u.'r_\' quu.rk symmebry
of HQET. Thess resulis are consistent with those obtaived by Luke [3] for the
B = D*! semibeptonic decays.

V. CONCLUSION

We have spplied the techniques of HQET to the semileptonic decays of B
mescins Lo excited charmed mesona, both Lo leading order and to order 1/m,. We
have also investigated the semileplonic decays B — D)Xy ab leading order.
Both of these classes of proceses are phenomenclogically interesting, as they are
axpected to form & sizesble contribution to the total deeay rate of the B meson.
“There is, in Fact, scme overlap between thess two seis of processes, as the D0FY
system may well be produced from the strong decay of an excited charm meson,

In addition io the decays mediated by the b — ¢ current, we have examinsd
the decays [ — K("We, where K1) is some excited strange mesan, In fact, the
K1Y dbennied abowe need nol be a resonance, as the represeatation of the lght
e amily Vake wecvamin of The tastal span of the final state, bat wot bow that
gt s ali=real s b e g Hhe Boslisan= 1lial aomgjsroae the limal staie. Thus, one

may use Lhe form factors we have liated in section 11 Lo describe either pesonant
ar non-resonant decays, with the provso that the kinematic struciure of the form
factors will be dictated by the decay being deseribad,

i posssibbe application of this work would be to investigaie the relationship
between the form factors we have discussed herein, and the sum rubes of Bjorken,
Dumietz amd Taron .|I] M course, without & specific parametrization or maodel
of these form factors, comparison with experiment is nol possible, except al the
mon-retoll point, v = . Such & comparison is eves more problematic in the
decays of the [} meson, since not even the *mom-recoil® poant = of any Lheorelical
mgnificance, & the normalization of the form (actors is not & praod krown: one
miust rely on model calenlations if one wanis to say anything about such decays.
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mcknowledged. WIR .l.r_'hm:mhdﬂu: the |1|:--|:l|.1.ul'|1."|I of the Institut far Kernphyaik,
Darmstadt, Germany, where this work was dope, and of Institut des Sciences
Muaclénires, Grencble, France.
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